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Abstract

Seven methods were used to supply additional water or alter the
microclimate of redcedar (Juniperus virginiana) and Scotch pine (Pinue - 1'
eylvestr@a) trees to.induce faster growth and higher survival rates.
Fér redcedars, 2 water-harvest treatments produced 32 and 1] percent
more total growth than did a control, while drip irrigation and snowfence-
protected treatments produced 25 and 24 percent moré total growth, ’
respectively. Shaded treatment did not increase redcedar growth but
resulted in IOO:percent survival as compared with 70 percent for the -
cohtrol. - | '

Although'Scotch_pfnés had discouraging growth and survival rates,
they tended to have better'survival and total growth in a protected or

 shaded environment. .
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iﬁ cooperation with the Kansas Agricultural Experimenf Station. Dept.
~ of Agronomy Contribution No. 1402, | |
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| , Introduction

E Treés planted in rows to protect fields, farﬁsteads. animaIs;.-
and humans from winds are a valuable asset (2, 5_; 7,29, 31, 33, 36).
Such tree barriers have been studied for their influence on Qind erosion,
microclimate.‘human and animal comfort, and other beneficial uses.
Trees planted as barriers in areas of 1ow‘annua1 rainfall and poor.
soil-physical characteristics generally grow slowly and erratically
(9, 11, gZ)JI.Therefore. we initiated a study in an area of 1imited
rainfall to fing é simple, productive method of increasing tree groﬁfh
and surviva1.‘ ' |

NUmerous.publicat1ons are available on rainfall multiplication

f techniques for obtaining water for agricultural production, 1ivestock,
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reduce evaporation and enhance infiltration (1, 14); use of wind barriers
to modify microclimate and trap snow for the benefit of vegetation and
water in desert areas (16, 17, 21); profile modification to improve
physical conditions of soils (10, 18, 19, 32); and effect of solar

. radiation and shading on evapotranspiration, crops, and animals (3, €,
23, 30), We evaluated many techniques mentioned (water harvesting,
mulches, etc.) to determine their app]icatiqn.for increasing growth and

survival of trees in arid and semiarid regions.
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Désign and Description of Experiment
| At the Colby Agricultural Experiment Station, Colby. Kansas, we
planted the first trees'fn April 1971. The soil at thé site is a silty
clay loam, 15 percent sand, 54 percent sf]t. and 31 percent clay. Mean'
‘annual rainfall for the area is 19 inches,

Seven treatments and a control wére selected for the initial
e#perimenta] design. Each treatment was replicated twice. The seven
treatments were: (a) water-harvest area 50 by 100 feet, (b) water-
_harvest area 50 by 50'feet. (c) partial shading. (d) snowfence protec- . -
" tion, (e) solar still, (f) profile modification, and (g) gravel mulch,
The trees were planted within a 3-acre plot in 50-foot rows with
- a 5-foot spaciﬁg between each tree. Half of each row was planted to
redcedar (Juniperus virginiana); the other half to Scotch pine (Pinus
sylvestris), The trees were measured at the beginning and end of the
growing séason, and the difference between the two.measurements was the
growth for that year; the sum of all the differences was total growth,
Trees ;hat did not survive were replanted at the beginning of each

season.
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The watér-harvest areas were cleared, émoothed. and bermed around
the edges to pond runoff on the tree row. Three methods, (a) 6 mil
po]yethylene. (b) asph;lt emulsion, (c) siliéone and latex-in-water,
were used to cover the water-harvest areas--one for each successive
year. We modified the soil profile by digging a trench 2 feet wide and
4 feet deep along the length of the row and then mixing the soil and
refilling the trench. The solar stills--a trench 3 feet wide by 4 feet
deep by 50 feet long covered with 1 mil Ted]aré/-—were located‘adjacent
to tree row; water collected in a partitioned trough was piped to each
individual tree.v'A check valve was fabricated from a funnel; table-
tennis ball, and wire mesh to allow rainwater to flow into the trench
and not col]ect on the Tedlar cover.” For partial shading, we covered
the tree row with a 50-foot length of snowfence supported by steellposts.'
The barrier-protected areas were surrounded with 60-percent porous
snowfencing, 48 inches tall, located 25 feet from the row laterally.
Tree heights werenmeasured at the beginniﬁg‘aﬁd end of each
season in 1971, 1972, and 1973. After thermographs, total wind ane-
mometers, and & rain gage were installed June 8, 1973, one season's
measurements were taken. Wind velocity and air temperatures were

measured at a height of 2 feet.

3/ Trade names are used for clarity and do not constitute an

endorsement by U, S. Department of Agriculture,

4
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The solar still improved growth of redcedars' 148 percent over
the control and survival was the same, but because of problems with fhe ‘
Tedlar covér.‘after the first‘season we changed to a'drip-irrigation
treatment. .For the drip-irrigation treatment, each tree was given 10
gallons of supplemental water per month. The system was arranged‘so
that water was fed directly into the rqotAzone. 12 inches below the sofl

1]

surface.

Because of Tow ;urvival raies. the gravel-mulch treatments were o
changed to strawfmu]ch treatments at the beginning of the third season
because the grave]lava11able at the site was a natural deposit containing
some fine sand and soil partic]es that tended to form a crust on the ‘
surface and thus reduce water inff]tration. No Scotch pines survived
the first 2 years, whereas 50 and 30 percent of the rédcedars survived
in 1971 and 1972, respectively. Survival of controls for the same
period was 50 and 10 percent for Scotch pine and 90 and 70 percent for
redcedar. Straw then was spread at the rate of 4 tons per acre and
anchored with a jute netting. The straw covered an area 25 feet wide

. by 60 feet long, centered on the tree row.
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 Experimental Data and Observations

The 6-mil polyéthylene used on the water-harvest areas was torn
and mutilated by the end of the first summer and totally blown away by -
the following spring. The second season an anionic asphalt emulsion
was sprayed at a rate of 1,245 gallons per acre on the harvest areas.
The emulsion déteriorated and was nonexistent by the end of the following . -
winter. The third year a mixture 6f R-20 silicone 3( (sodium methyl |
‘'silionate in water) and Wicaloid 7035-A0§/ was used to cover the harvest
areas. This mixture--Z.S percent R-20 and 9.2 percent latex by volume
in water applied at a rate of 5,600 gallons per acre--produced a hard,
impervious surface which stood up very well throughout the summer, We
do not yet know what the conditioﬁ will be at the end of winter,
Because of';xpgsure. extreme temperature differential, and the expan-
sive capabilities of the soil, it was difficult to find a simple,
workable treatment for the water-harvest areas,

The averagg growth and survival for 1973 and total growth and
survival for tHe 6rigina1 trees are presented in Table 1. Tables 2
and 3 summarize.the climatic and moisture data taken during 1973.
Rainfall for the recording period measured 11,92 ihches; wﬁereas the
long-time average for the period was approximately 9.50 inches (Table
2). ' L
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Teble 1.--Growth and surv1va1 1973. Total growth and surv1va1 of or1g1na1 trees. | SR

Redcedars Scotch p1nes -
: 1973 Ongm?l trees 1973 rigi n?'l trees .
Treatment Growth Survival Total growth!/ Survivall 1/ Growth Survival Jotal growth_/ Survivall/
' Inches Percent Inches Percent Inches Percent. -~ Inches Percent

Yater harvest : ST B A . R
£0 by 100 ft. '!5.1 'lO(_J _ 36.5 o '100 ; 5.0 80 _1.2 o 50
Yater harvest o - E ' T R
50 by 50 ft. 14.3 100 , 36.3 .90 0.6 70 - : 2.4 R 760

Drip irriga- " , - i o S
tion -14.5 100  33.1% 9% 0.4 90 1.9 g%/

@ o

Snowfence ’ SR .- IR

protected  15.4 100 32.7 e 9.5 s . U3e s W

Control ma % 249 20 0 1o o
Shade " e 0 230 w0 03 w0 23 T e

Profile e T
podification "8.6 90 2.6 -7 0 .20 0 - 20

Straw mulch 1370 S A68_./ o 203/ 1.0 . 10 o ‘.0_/ o o3

_1_/ Include§d0n1y those tr‘ees omgma]'ly p]anted 3 yaars ago (1971), whereas 1973 1nc1udes rep'lants 1 and 2
years o . _ :

= ... .-

2/ Inc‘ludes 1 year so1ar still and 2 years dmp 1rr1gat10n

3/ Tvo years gravel mulch and 1 year straw mulch.
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E Table 2.—¥Climatic data, fie]d site, Co1by; Kahsas...}
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. . Mean temperature
Date - - Rainfall Control Snowfence Shade

Hind -
Control. Snowfence Shade

1973 Inches ‘Degrees Farenheit .

June 8 : : S, ' o
uly 7 . R 7.4 719 19.5

July’'s R R
August 6 - 4.55 74.5 75.3°  75.9

Apéust.7" S ' o
September 10 0.75 - 18.2 78.9 79.9

Septembér 1

October 17 s.91  57.4 581 59.1

Miles per day

149.05 106.35 145.25

1340 9790 140.90

166,68 11412 16220
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’ Tabié 3.--Average available waterl/ during 1973 in the tbp 36 inches oftihe soil profi]el

Hater Water R o
. harvest -harvest Drip Snowfence . Profile Straw
Date 50 by 100 50 by 50 irrigation protected” Control ‘Shade modification mulch .
. 1973 —----se-smmeseem- mmrimemmcossemoseon- Inches R -
June 8 o o '~: - . R  “"'ff» L ; S
July 7 - 4,14 4.44 4,51 4.68 4,80 5.10 4.56 5.49
July 8 ' L . - ; - . - ' S
August 6 4.17 4.17 . 3.93. 4.00.  4.45 4.64  3.46 5.4?

' August 7 " : R L : o e o ' ..‘ 2
September 10 = 4.36 4.36 3.65 . 3.81 4.26  4.40 2.46 - 5.42.
September 11 LT e S - BEEE
October 17 - 3.89 4. 31 4.01 . 3.86 - 4.91 4,27 - 3.21 5.81
Average  4.25 450 . 4.2 424 a6l 470 373 569

T (BD)(”H 0) depth .7 - S SRR
1/ Avai]ab]e water in inches = (D 3 where BD soil bulk density, %HZO = %HZO as

measured m]nus %HZO at w11t1ng po1n;, depth = depth in 1nches that 'HZO represents, and D

density of water.
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Temperature measurements indicate that average daytime tempera-
ture was lower for the control than for either the snowfence or shade
treatments. That was expected for the snowfence, but it was not con-
sistent with other shade data because of an oversight when temperature
recording instruments were installed. The instrument for the shade
treatment was placed 1-foot closer to the ground than were the two other
~ instruments, which resulted in a higher déytime temperature and caused |
the mean temperature to be higher than it should have been. Nighttime
temperatures were about as expected. The snowfence treatment had lower
temperature than the control; whereas, the shade treatment had a higher
temperature than either the snowfence or the control

The showfenced area had an average wind reduction of approximately
50 miles per day; the control and shade treatments, 160'p1us miles per day
(Table 2). o

Available soil water in the top 36 inches of the soil profile
averaged approximately the same for all treatments, except for the |
profile modification and mulch, which averaged .69 inch less and 1.27
inches more, respectively, than the 6 other treatments (Table 3).' At
the time most samples were taken, the lower 2.5 feet of soi1‘was near
its field capacity, which Qou]d account for the small differences among

treatments.,
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' Interpretations and Discussion

In keeping with the primary function of this study--to find a
simple, effective way to improve growth and survival of trees for wind
barriers in arid and semiarid locations--the two water-harvest, drip-
irrigation,.and snowfence treatments improved total tree growth and
survival, and shade improved survival only, compared with a control,
Gravel mulch and profile modificatfon improved neithef growth nor sur- -
vival (Tab}e 1). | | |

The two water-harvest treatments influenced total growth and
~ survival of redcedar trees similarly. The 50- by 100-foot harvest
area produced 32 percent more total growth than did the control; the
50- by 50-foot area, 31 percent more. Redcedar survival was 100 per-
cent and 90 percent in the 50- by 100-foot and 50- by 50-foot harvest
areas, respectively, Compared to the control, the drip-irrigation and
snowfence-protected treatment produced 25 and 24 percent more total
growth, respectively, and each had 90 percent survival, Data for the
Scotch pines were erratic and inconclusive. Survival and growth tended
to be greater in the snowfence-protected and shaded treatments.~a1though'
90 percent of ?he original trees planted survived under drip irrigation.

It is difficult to explain the low survival rates on the mulch
+ treatments, One exp1aﬁation 15 that the gravel contained such a high
percentage of fines that it sealed over and suffocated the trees. Another
possibility is that the gravel contained some foreign matter that prodﬁced
a toxicity in ﬁhe soil that remained when the gravel was removed and tﬁe
straw mulch abblied. The plots will be relocated wiihin the study site

next year (1974) in hope of obtaining better results.
\ .
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Summary

Redcedar and Scotch pine trees were used to find a simple,
workable method of supplying supplemental water or altering the micro-
climate to improve tree growth and survival rates in semiarid locations,

Out of seven methods used in this study, four improved growth
and five improved survival of redcedars. In two different-sized water-
harvest areas, redcedars produced 3] and.32 percent more growth, and
also survived better than the control. Dr1p-irrigation and snowfence-
protected treatments produced 25 and 24 percent more growth in redcedars,
respectively, and survival rate was greater, A shaded treatment did
not increase tree growth, but redcedars had'a greater survival rate, g

Data indicated that Scotch pines did better in snowfence- |
protected and shaded environments, but results were erratic. No

treatment can yet be considered satisfactory for practical application.
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